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1 Executive Summary

Description

Asphalt rubber concrete pavements include at least two types of flexible
pavement surfacing often made with asphalt rubber cement as the binder;
stone mastic and open-graded mixiwures. (There is some disagreement in the
industry concerning the definition of a stone mastic versus open or gap-graded
mixtures. This report does not attempt to address that agreement but includes
both descriptions for the reader’s benefit.) The asphalt rubber binder
gonerally contains 15-30 percent of finely ground up recycled scrap tire
rubber blended with standard paving grade asphalt cement. The recycled
rubber is ground to various particle sizes, preblendod with the asphalt cement
st elevated mixing temporatures, and then uced in the same manner as
standard asphalt cements are usad in flexible pavement surface mixtures.

Applications

Asphalt rubber concrete pavements ars applicable to virtually any flexible
pavement surfacing requirement. Succesiful applications of asphalt rubber
concrete pavement have been documented for airports, heavily-trafficked
highways, and urban roads and streets.

Benafits

Asphalt rubber concrete pavements can provide several performance
benefits over traditional asphalt concrete pavements, including: reduced
temperature susceptibility, reduced low-temperature cracking potential,
reduced high-temperature deformation distreas potential, reduced
age-hardening potential, and reduced binder-aggregate stripping potential.
The increased viscosity of asphalt rubber binders make them particularly
well-suited for stone mastic and open-graded paving mixtures.

Limitations

The use of asphait rubber materials may be somewhat limited by local
availability. It is expected that the number of asphalt rubber suppliers will
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increase and become more widespread in the coming years as this technology
becomes more popuiar, however. The most notable limitation in using asphalt
rubber currently is the determination of whether the projected cost savings
from improved performance outweighs the higher initial costs of materials and
construction.

Costs

Asphalt rubber concrete pavements can cost 50-150 percent more to
produce and place when compared to standard asphalt concrete pavements.
Life-cycle cost savings should be realized with asphalt rubber concrete,
however, as certain applications will provide reduced maintenance costs and
longer service lives. The projected life-cycle cost savings must exceed the
increased cost of construction in order for the asphalt rubber alternative to be
coat-effective.

Recommendations for Use

Asphalt rubber concrete pavement is recommnended for use whenever local
with standard asphalt concrete pavement indicates that the asphalt

rubber alternative will provide perfonnance and cost saving benefits that
outweigh the higher initial cost associated with asphait rubber. The asphalt
rubber concrets alternative is generally suitable for any type of fiexible
pavement system. As this is an emerging technology, any recent local
experiences and the latest design and construction guidance should be used
when involved in an asphalt rubber concrete pavement project.

No guide specification for military construction currently exists for asphalt
rubber concreie pavements. Guide specifications on this technology have been
prepared by several other governmental transportation agencies and by private
industry, however. One sxample of a guide specification for open and
gap-graded asphalt rubber concrete pavements is found in Appendix A of this
report. It iz recommended that this guide specification be used as a model
until such time that a Corps of Enginesrs Guide Specification (CEGS) is
published or until a more suitable guide specification model is produced.

Points of Contact

Points of contact regarding this technology are:
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Technical

Director

U.S. Army Waterways Experiment Station
ATTN: CEWES-GP-Q (Mr. Gary L. Anderton)
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

Telephone: 601-634-2955

Facsimile: 601-634-3020

FEAP Program Monitar

Commander

U.S. Army Center for Public Works

ATTN: CECPW-ER (Mr. Lloyd N. Werthmuller)
7701 Telegraph Road

Alexandria, VA 22310-3862

Telephone: 703-806-5997

Facsimile: 703-806-5219




2 Preacquisition

Description of Asphalt Rubber Binders

Asphalt rubber binders are produced by blending and reacting traditional
asphalt cements with 15-25 percent ground reclaimod tire rubber at elevated
mixing temperatures. Reaction of the rubber particles in the asphalt cement
generally involves blending for an hour or more at temperatures in the
175-205 deg C range. This reaction time allows the rubber particles to swell,
producing a binder with improved temperature susceptibility, flexibility and
elasticity as compared to most unmodified asphait cements. The antioxidants
and carbon black in the tire rubber also act to reduce the natural aging process
of the binder,

Higher than normal binder contents (2-5 percent higher) can be utilized
with asphalt rubber binders because of their higher viscosities at typical
asphalt concrete mix temperatures. ‘The higher viscosities and higher binder
contents result in thickzer binder films ¢ the aggregates, which in turn
improves aging resistance and durability. Higher binder contents also provide
greater tlexibility in the pavement surfacing, incressing the pavement’s
resistance to fatigue cracking.

Applications

Asphalt rubber binders have been successfully used in the past in several
pavement applications, including: pavement crack and joint sealants, stress
absorbing membrane (SAM) surfacings, stress absorbing membrane interlayers
(SAMI), and various types of hot mix asphalt (HMA) applications. In recent
years, the development of the asphalt rubber HMA technologies has gained
interest in the pavements community. The highly viscous nature of asphalt
rubber binders make them particularly well-suited for gap-graded or “stone
mastic” mixtures and open-graded mixtures. These two types of HMA
surfacings are relatively new to U.S. practice. The asphalt rubber
technologies; however, are applicable to virtally any flexible pavement
system where increased durability and resistance to cracking and weathering
are desired. Successful applications of asphalt rubber concrete pavement have
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been documented for airports, heavily-trafficked highways, and urban roads
and streets.

Design Methods

Areas of design which must be addressed for both the stone mastic and
open-graded asphalt rubber applications include those of the asphalt rubber
binder, aggregates, asphait rubber and aggregate mixtwure, and the pavement
cross section or thickness design. Each of these design areas are addressed in
the guide spacification found in the appendix of this report. However, the
asphalt rubber HMA area is a developing technology and the latest design
guidance and experienced contractors should be sought out on each project.
General design considerations not specifically addressed in the attached guide
specification are discussed in the following paragraphs.

As with any pavement design, the selection of materials should be heavily
influenced by local experiences. Since the rubber particles create a highly
viscous binder, a good rule to follow when selecting the base asphait cement
is to use one grade lower (or less viscous) than the grade normally used in the
particular area. The amount of rubber used in the binder will to a large extent
determine the amount of the increased viscosity. Also, the chemical make-up
of the asphalt cement will influence the degree of reaction that occurs and
therefore the quality of the resulting binder. Asphalts which have higher
degrees of aromaticity will dissolve and interact with the ground tire rubber to
a much greater degree than asphalts with lower aromatic contents. Ground
rubber particle size, shape and texture can also influence the physical
characteristics of the resulting asphalt rubber binder. Use of local experience
or the experiences of similar projects from similar environments will aid in
the selection of the proper asphalt rubber material.

There should be no significant difference in the required aggregate
propertiss when using asphalt rubber binders in either the stone mastic or
open-graded asphalt mixtures. It is possible to decrease the amount of fine
aggregates required in both types of HMA applications as the increased binder
contents and viscosities will fill some of the void spaces created by the lack of
fine aggregates without substantial loss in stability. The recommended
aggregate gradations for both types of HMA applicacions are given in the
guide specification found in the appendix of this report.

There are two areas of mix design that will be different when using asphalt
rubber binders in stone mastic or open-graded asphalt mixtures. The first area
of significant difference is the iucreased binder content allowed by the asphalt
rubber’s higher viscosity. Binder content increases of 2-5 percent may be
physically possible without negative effects, but the increased binder content
for asphalt rubber mixtures will generally be limited by the desired pavement
improvements and costs. As a minimum, the binder content should be
increared for an asphait rubber mixture by an amount equal to the amount of
rubber in the binder. The second area of mix design requiring a significant
change for asphalt rubber mixtures is the mix temperature. Because of the
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increased viscosities of asphalt rubber binders, mix temperatures are usually
increased 15-40 deg C. The particular viscosity characteristics of the asphait
rubber binder used will determine the mix design temperature. These two
issues as well as others relating to asphalt rubber concrete mix design are
addressed in the attached guide specification,

Thickness designs are, for the most part, unchanged for asphalt rubber
concrete mixtures. Open-graded asphalt surfacings are generally only 3/4- to
1-in.-thick when unmodified binders are used and there is no current evidence
to warrant any change in thickness for asphalt rubber open-graded surfacings.
At least two states, Arizona and California, have successfully constructed
asphalt rubber dense-graded roadway surfacings at one-half of the design
thickness for an unmodified dense-graded surfacing'. Therefore, although the
stone mastic aggregate grading is quite different from the traditional
dense-graded system, it could be possible to reduce the SMA thickness when
asphalt rubber binders are used. This concept of reduced thickness with equal
performance for asphalt rubber stone mastic surfacings must be proven in field
trials before a full-scale application is attempted, however.

Construction Techniques

Construction of an asphalt rubber concrete pavement requires a few
changes from the techniques used with unmodified asphalt concrete mixtures.
The first of these modifications is at the asphalt plant where the asphait rubber
concrete mixture is produced. Most asphalt rubber binders will require a
separate binder storage tank with appropriate agitation to prevent segregation
of the ground tire rubber and asphalt cement. This storage tank must be able
to evenly heat the binder at elevated temperatures, generally 150-190 deg C.
In addition to this storage tank, a separate supply system equipped with a
pump and metering device capable of combining the viscous asphalt rubber
binder with the aggregates at the correct percentage should be used.

The most notable difference between asphalt rubber concrete mixwres and
unmodified asphalt concrete mixtures during placement is the mix
temperature. Asphalt rubber concrete mixtures are required to be at least 15
deg C higher than unmodified mixtures and can be up to 40 deg C higher if
needed. The increased mix temperature allows asphalt rubber concrete
mixtures to be hauled, placed, and compacted in much the same manner as
unmodified mixtures. Because the asphalt rubber mixtures tend to be
somewhat sticky when hot, rubber tire rollers will usually pick up the mix
during compaction and therefore are not used to compact asphalt rubber
concrete mixtures. Rubber tire rollers are generally not used on open-graded
and stone mastic mixes regardless of the binder type, so their exclusion from
these mixture types with asphalt rubber binders should not be an issue.

Quality control testing of asphalt rubber concrete mixtures is also slightly
modified to account for the different binder. Current methods of binder
extraction using solvents are not effective in determining binder content. It is
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possible through standard extraction techniques, however, to clean the
aggregates in an asphalt rubber concrete sample to a point where a suitable
sieve analysis can be conducted. Nuclear gauges designed to determine binder
contents are currently the most effective method of determining asphalt rubber
binder contents in field samples.

Limitations/Disadvantages

The use of asphalt rubber binders in either an open-graded or stone mastic
mixture may be somewhat limited by local availability of the binder. It is
expected that the number of reclaimed rubber and asphalt rubber suppliers will
increase and become more widespread in the coming years as this technology
becomes more popular, however. Also, new techniques involving central
plant production of more stable blends should make these binders easily
a.cessible to virtually any asphalt concrete plant location in the near future.
The number of paving contractors experienced in constructing asphalt rubber
concrete pavements is another limitation that should be lessened as the asphalt
rubber industry continues to grow.

The most notable limitation in using asphalt rubber binders currently is the
initial or "first" cost. Current cost comparisons indicate that asphalt rubber
concrete pavements can cost 50-150 percent more to produce and place when
compared to unmodified asphalt concrete pavements®, Therefore, the
projected cost savings from improved performance (longer pavement life
and/or less maintenance) must outweigh the higher initial construction costs in
order for the asphalt rubber alternative to make economic sense. Further
information on the cost issue is provided in the following section of this
chapter.

Life Cycle Costs

Asphalt rubber binders typically cost from two to four times as much as
unmodified asphalt cement®>. This binder cost increase can result in a 50-150
percent increase in the cost of an open-graded or stone mastic pavement
surfacing. Evcu with this considerable increase in initial cost, there are
numerous considerations that could make an asphalt rubber concrete pavement
less expensive than an unmodified asphalt concrete pavement in terms of life
cycle costs and possibly even in initial cost. These considerations, which have
already been proven in many field applications', include: reduced thickness
with equal or better performance, allowance of a less expensive overlay design
versus a reconstruction design, and reduced maintenance costs. Each of these
considerations along with any others that effect life cycle costs will have to be
considered when making economic comparisons between asphalt rubber and
unmodified asphait concrete mixtures.

In attempting to project the future of asphalt rubber prices, it is helpful to

note the bid experiences of the state of Arizona, perhaps the most experienced
state in terms of asphalt rubber usage. During the last ten years in Arizona,
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the average low bid price for asphalt rubber cement has fallen from 505 $/ton
to 263 $/ton’>. During this same time frame, the national average cost of
asphalt cement has fallen from the 150-175 $/ton range to approximately 125
$/ton. If this trend continues, the initial cost difference between AR concrete
pavements and unmodified AC pavements will become even smaller.

Advantages/Benefits

Asphalt rubber binders can provide a number of advantages over
unmodified asphalt cements when used in open-graded or stone mastic asphalt
concrete pavement surfacings. Some of these benefits are due to the unique
physical and chemical characteristics of the asphalt rubber binder while others
are due to the fact that more binder is aliowable in the mixture when using
asphalt rubber. The most significant of the asphalt rubber advantages are
discussed in the following paragraphs.

Undoubtedly, the most important benefit of a properly functioning
open-graded asphalt concrete surfacing relates to enhanced vehicle/passenger
safety. When substituting an open-graded surfacing for a typical dense-graded
asphalt concrete surfacing, safety is improved by reducing water spray from
passing traffic, thus improving visibility, and reducing hydroplaning by
preventing accumulation of surface water. Dry weather skid resistance is also
improved by the roughened surface texture of the open-graded asphalt
concrete surfacing.

Open-graded asphalt pavements have a tendency towards premature failures
due to the lack of fine aggregates in the mixture and the intentionally designed
high void contents. The use of asphalt rubber binders in open-graded
mixtures can solve many of the durability problems associated with
unmodified open-graded asphalt concrete. The use of asphalt rubber permits
higher binder contents, thus thicker binder films (due to the high viscosity of
the asphalt rubber) without excessive drain-off. The increased binder film
helps to increase the mixture’s high-temperature stability, reduce reflective
cracking, and resist stripping in the presence of water. The antioxidant
materials found in the tire rubber teamed with the thicker binder films also
helps to reduce the negative effects of oxidation or "age hardening™. A
possible site specific benefit of using asphalt rubber in open-graded pavement
surfacings is that the asphalt rubber mixtures can be placed in colder than
normal ambient temperature conditions due to the allowable higher mix
temperatures.

The benefits provided by a stone mastic asphalt (SMA) pavement when
compared to a typical dense-graded asphalt pavement lie in the designed
stone-to-stone contacts or “aggregate interlock” and the higher allowable
binder contents. This unique combination helps to provide a more durable
and flexible asphalt concrete pavement with increased resistance to reflective
cracking, rutting and oxidation. The advantage of using an asphalt rubber
binder in a SMA mixture is simply tied to the increased binder viscosity
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during mixing, placing, and under traffic at high service temperatures. With
unir.dified asphalt cements, a certain amount of mineral filler is usually
required to stiffen the binder and to prevent blesding from higher than nurmal
binder contents. This mineral filler may not be required in asphalt rubber
SMA mixtures to obtain equal or superior performance. SMA mixtures by
nature require a more viscous binder, either mechanically or chemically
induced, and asphait rubber binders are well-suited for these types of asphalt
concrete mixtures.
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3 Acquisition/Procurement

Potential Funding Sources

Typically, installations fund the implementation of pavements and railroads
technologies from their annual budgets. However, the installation’s annual
budget is usually underfunded and the pavements and railroads projects do not
compete well with uther high visibility or high interest type projects. As a
result, it is prudent to seek out additional funding sources when the project
merits the action. Listed below are some sources commonly pursued to fund
projects.

a. Productivity program. See AR 54, Department of the Army
Productivity Improvement Program for guidance to determine if the
project qualifies for this type of funding.

b. Facilities Engineering Applications Program (FEAP). In the past, a
number of pavement and railroad maintenance projects located at
various installations were funded with FEAP demonstration funds. At
that time, emphasis was placed on demonstrating new technologies to
the Directorate of Engineering and Housing (DEH) community. Now
that these technologies have been demonstrated, the installations will be
responsibie for funding their projects through other sources. However,
emphasis concerning the direction of FEAP may change in the future;
therefore, one should not rule cut FEAP as a source of funding.

c. Special programs. Examples of these are as follows:

(1) FORSCOM mobilization plan which may include rehabilitation or
enlargement of parking areas and the reinforcement of bridges.

(2) Safety program which may include the repair of
unsafe/deteriorated railroads at crossings and in ammunition
storage areas.

(3) Security upgrade which may include the repair or enlargement of
fencing.

10
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d. Reimbursable cumomer. Exampies of this source are roads to special
function aress such as family housiag or schools and airfield pavements

reguired %0 support logistical operations.
e. Special requests from MACOMS.

J Year end finds. This type of funding should be coordinated with the
MACOM: t0 ensure that the funds will not be lost after a contract is
advertised.

. Operations and Maintenance Army. These are the normal funds used
for funding pavement and railroad projects.

Technology Components and Sources

Components of the technology which must be procured for the use of
asphalt rubber concrete pavement are: section design (may be in-house or
contracted out) and a construction contract for the asphalt rubber concrete
pavement. Additional requirements of an asphalt rubber concrete mixture
plant when compared to traditional asphalt concrete plants include the
following: a separate binder storage tank with agitation capabilities
(mechanical stirring or pumped circulation) to keep the asphalt cement and
rubber particles from separating; an evenly distributed heating source for the
asphalt rubber storage tank; and a separate binder supply system equipped
with a pump and metering device capable of combining the viscous asphalt
rubber binder with the heated aggregates at the correct percentage.

Asphalt rubber suppliers and paving contractors experienced with asphalt
rubber concrete pavements are available in virtually all areas of the United
States. The most current design and construction guidance should be sought
out and used on every asphalt rubber concrete pavement project. These types
of guidance documents are currently being produced by a number of agencies,
including the Federal Highway Administration (FHWA), most state
Departments of Transportation (DOT), and numerous independent asphalt
rubber suppliers, contractors, and engineering consultants. Technical guidance
and further information on asphalt rubber concrete pavement market in the
United States may be obtained by contacting:

Rubber Pavements Association
312 Massachusetts Avenue, NE
Washington, DC 20002
Telephone: 202-544-7111
Facsimile: 202-544-7146

Chapter 3 Acquisition/Procurement




Procurement Documents

Technical reports

The Corps of Engineers has published two technical reports on research
studies of asphalt rubber concrete pavements:

"Evaluation of Asphalt Rubber Binders in Porous Friction Course,”
Technical Repor: CPAR-GL-92-1, USAE Waterways Experiment Station,
1992, '

“Summary of Research on Asphalt Rubber Binders and Mixes,” Technical
Report CPAR-GL-92-2, USAE Waterways Experiment Station, 1992.

Applicable specifications

No current Corps of Engineers Guide Specification exist on asphalt rubber
concrete pavements. There are, however, guide specifications used within the
construction industry, including the one found in Appendix B of this report.

GSA listing

None
Vendors list and recent prices

Any local contractor with experience in asphalt paving should be able to
successfully construct an asphalt rubber concrete pavement. As this is a
relatively new paving technology with mostly test sections and pilot projects
constructed, recent prices are highly variable and would not refiect a curreat
pricing standard.

Procurement Scheduling

Normal construction contract schedules should be established that allow
adequate design and plan preparation time, design and review approval,
contract preparation, advertising and award, and construction time. A typical
pavement project is designed 1-2 years before it is constructed; however,
relatively small projects that require limited plans and specifications can be
prepared and ready to go within a few months.
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4 Post Acquisition

initial Implementation

Equipment

Conventional asphalt concrete mixing and asphalt concrete paving
oquipment can be used to produce, place, and compact asphalt rubber concrete
pavements. However, early test sections and pilot projects have indicated
some slight changes to normal procedures required by asphalt rubber concrete
mixtures. A separate asphalt rubber storage tank with sufficient agitation
capabilities is required to keep the asphalt cement and rubber particles
from separating during storage. This storage vessel must be equipped to
evenly heat the asphalt rubber binder to mix temperatures ranging from
150-190 deg C. The asphait rubber cement itself will require larger than
normal pumps and pump lines at the asphalt plant to handle the increased
viscosity of the binder. Mixing, lay down, and compaction temperatures are
also usually higher than normal to account for the increased stiffness of the
hot asphalt rubber mixture. Rubber tire rollers are not suitable for asphalt
rubber mixtures as the increased adhesion of the binder may cause the mix to
adhere to the rubber tires during compaction.

Materials

The materials used to produce asphalt rubber concrete mixtures are
basically the same as those used to produce unmodified asphalt concrete
mixtures except for the binder. The aggregate gradations and physical
requirements, as detailed in Appendix B of this report, are particularly
important for open-graded and stone mastic pavement mixtures to ensure
strength and stability from the designed stone to stone contacts. An additional
aggregate material required only for asphalt rubber concrete pavements in
some circumstances is called a "blotter material.” Blotter material may be a
fine aggregate or sand (meeting the gradation requirements detailed in the
attached specification), and is used to prevent the freshly placed mix from
picking up during construction or from early trafficking.

The asphalt rubber binder is a combination of two materials, traditional
asphalt cement and reclaimed crumb rubber, with the possibility of an
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extender oil added when noceded to reduce viscosity. All three of these
materials are detailed in the attached specification. As the asphalt rubber
technology continues to develop, slight modifications to these specification
requirements may be required.

Personnel

The personnel normally required at an asphalt mixture production plant and
those required for asphalt concrete construction are the same as those needed
for the production and construction of an asphalt rubber concrete pavement.
The same similarities exist when comparing the required quality contro}
personnel of both types of pavement construction. The only possible
exception may be when a unique asphalt rubber mixing and storage tank is
mobilized at the production plant. In this case, the asphalt rubber binder
supplier may require one or two trained personnel to operate or supervise the
operation of the binder vessel and pumping system.

Procedure

The general procedures used to construct an arphalt rubber concrete
pavement are basically the same as those used to construct an unmodified
asphalt concrete pavement. As previously discussed, only slight modifications
at the asphait mix plant and during placement are required when using asphalt
rubber binders. Typical construction procedures are also preseated in the
attached guide specification.

Cperation and Maintenance

Operation and maintenance of asphalt rubber concrete pavements are no
different than with unmodified asphalt concrete pavements. The stone mastic
asphalt pavement surfacing generally performs in the same manner as a
traditional dense-graded asphalt concrate surfacing. An open-graded surfacing
may require special maintenance considerations, however. Open-graded
surfacings require a sound foundation and a good quality intermediate course
of asphalt concrete (free of cracks) since the open-graded material will not
resist reflective cracking. If some minor reflective cracking occurs in the
open-graded surfacing, the cracks must be properly sealed as soon as possible
to prevent edge raveling along the crack facings. Crack sealing will usually
interrupt water drainage flow in the crack area, but must be done to prevent
further deterioration of the open-graded surfacing. Open-graded surfacings
also require rubber tipped blades on any snow removal equipment to prevent
possible surface raveling from scraping plow blades.

Service and Support Requirements

No special services or support are required to implement or maintain this
technology.

Chapter 4 Post Acquisition




Performance Monitoring

Installation personnel can monitor and measure the performance of an
asphait rubber concrete pavement by making periodic inspections of the
psvement for signs of distress (cracking, rutting, flushing, etc.). This
monitoring of performance would be no more than that required for any
asphalt concrete pavement. The performance monitoring can be adjusted to fit

into existing pavement management systems.
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MATERIAL: Asphait Rubber
DESCRIPTION:

Asphalt rubber is a modified bituminous matcrial made by reacting 15-30
percent reclaimed rubber with asphalt cement at elevated mixing temperatures
(175-205°C). The rubber may be reclaimed from buffings wasted during the
tire manufacturing process or from ground up whole waste tires. Asphalt
rubber technologies are marketed by the Rubber Pavements Association in
Washington, DC.

AREAS OF APPLICATION (AS RECOMMENDED BY PRODUCERS):
1. High viscosity binder in open-graded or gap-graded hot mix asphalt.

2. Binder materials in pavement stress-absorbing membranes (SAM) or
stress-absorbing membrane interlayers (SAMI).

3. Pavement spray applications and surface treatments.
4. Pavement joint and crack sealer material.

5. Waterproofing liners on expansive soils. man-made ponds, mining
leaching pads, bridge deck membranes, and land fills.

EHXSIQGRAFPHIC FACTORS:

Asphalt rubber binder materials are generally delivered to the job site
pre-blended. Heating temperatures before application are somewhat higher
than for unmodified asphalt cements because of the asphalt rubber binder’s
increased viscosity. The higher viscosity at application temperatures may also
require separate storage vessels, larger capacity pumps, and larger feed lines.

DRISCUSSION AND RECOMMENDATIONS:

Developed in the late 1960's, asphalt rubber binders have been used
throughout the United States and other countries to improve the performance
of asphalt concrete pavements. Recent advances in asphalt rubber technology
coupled with the growing environmental concerns of waste tire stockpiles have
prompted many state and federal agencies to fully implement asphalt rubber
technology in their pavement systems. Full-scale trials on city streets,
highways, and airport pavements have been documented all over the United
States. These field applications, along with numerous recent research studies,
indicate that asphalt rubber binders can provide the following benefits:
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* reduced temperature susceptibility
* reduced low-temperature cracking
* reduced high-temperature deformation distresses

* reduced age hardening

* reduced binder-aggregate stripping
* more durable, longer lasting friction courses

Asphalt rubber binders have a well-established history in spray
spplications, surface treatments, SAM's and SAMI's, joint and crack sealants,
and as a waterproofing liner. The technologies surrounding this binder's use
in hot mix asphait applications continues to be developed. Asphalt rubber
should be considered as a binder in hot mix asphalt applications whenever any
of the potential benefits listed above are desired. The pavement designer wiil
have to consider an applicable reduced pavement thickness due to increased
strength properties, which should counteract the increased cost (50-150%) to
produced an asphalt rubber concrete mixture.

SUMMARY.

Based on field trials in the last 20 years and recent research studies, asphalt
rubber binders are considered to be a viable binder aiternative when increased
pavement performance is desired. Asphalt rubber binders should be
considered as the optimum binder material in certain applications of SAM’s,
SAMI's, surface treatments, joint and crack sealants, and waterproofing
liners. The increased viscosity and higher cost of asphalt rubber binders must
be considered during design and construction.
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GUIDE SPECIFICATION

FOR

OPEN AND GAP-GRADED
ASPHALT-RUBBER CONCRETE PAVEMENTS

1. SCOPE

This specffication covers material, equipment, and constacticn procedures for * asphalt-rubber concrete
pavement ucing a reacted asphalt-rubber binder.

2. PREQUALIFICATION OF A NEW ASPHALT-RUBBER MATERIAL

Prequalification of a new asphaik-rubber material or applicator/supplier may be requested at any time.
Prequalification will be based on three controlied field applications evaluated alter three years' performance under traffic.
The conirolted fleid applications may be of other construction related uses wiiizing asphalt-rubber materials, New
sspiiali-rubber matedal that has been evalusted and proqualified by an agency recognizad nationally may be prequalified
by that sgency upon disclosure of suilable evidence of successful performance. Notwithstanding other agency
prequalification, this agency veserves the right to withhoid prequalification pending the performance evaluation of 'ocal
controlied field applications.

3. ASPHALT-RUBBER BINDER
3.1 GENERAL: The asphak-rubber binder shall be a uniform reacted blend of compatible paving grade asphatt

cement, crumb rubber modifier (CRM), and other sdditives, if required. The asphalt-rubber binder shallbe ____ *
climale type binder and shall meet the physica! parameters listed in Table 1 for the type of binder specified

Attached are "Noces to Engireer” which are refe;enced by a superscript letter (i.e. 2 ). it is importaii to
reler (o thase notes when develaping 8 specification from this guide for highway, rosd, street, and sirport
asphali-rubber paving projects.

Please be advised thsat these sre only general recommendations, nol rigid specifications. For additional
information contact:

Intemational Surtacing inc.
- 6751 W. Gaiveston
Chandier, AZ 85226

Alin.;  Mr. Joe Cano, P.E., Technical Director
(602)268-0874

February 17, 1994
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~Asphatt-Rubber Concrete Pavements

TABLE 1: SPECIFICATIONS FOR ASPHALT-RUBBER BINDER

IMATE TYPE Hot Moderate
(a) {b)

japparent Visoosity, 350°F 1,500 1,500
‘Splndle 3, 20 RPM, ¢P, (ASTM D 21986)" Max 6,000 5,000

Penetration, 77°F, 1009, 5 sec.: 25 25
1/10 mm. (ASTM D 5) Max 75 75

[Penetration, 39.2°F, 200g, 60 sec.:
1/10 mm. (ASTM D 5) Min 10 15

[Softening Point: °F: (ASTM D 36) Min 135
Resilience, 77°F:%: (ASTM D 3407) Min 25 20

[TFOT Residue, (ASTM D 1754)
Penetration Retention, 39.2°F: % Min 75 75
a. Hot Climate © - Average monthly maximum 110°F or greater

Average monthly minimum 30°F or greater

b. Moderate Climate Average monthly maximum 110°F or lower
Average monthly minimum 15°F or greater

¢. Cold Climate Average monthly maximum 80°F or lower
Average monthly minimum I5°F or lower

Either digital or dial reading viscometers may be used - record peak measurement.
For LV senes models, use spindle 3 at 12 rpm

For RV and HA series models, use spindle 3 at 20 ipm.

Haake-lype viscometers may be substituted, padicularty for field control.

3.2 MATERIALS -

.1 Asphalt Cement: The asphatt cement for the asphalt-rubber binder shall comply with requirements of
ASTM D 338! and AASHTO M 226. The grade selected shall be determined by laboratory testing performed
by the asphatt-rubibar supplier to ensure appropriate compatibility and reacting characteristics.®

.2 Asphatt Extendur Qil: An asphall extender oil may be added, # necessary, to meet the requirements of
Table 1. Extender oil shall be a resinous, high flash point, aromatic hygrocarbon meeting the following test
requirements:

Viscosity, SUS, st 00°F (ASTM D 88) 2500 minimum
Flash Point, COC, °F (ASTM O 92) 380 minimum
Molecular Analysis (ASTM D 2007):
Asphaitenes, Wt. % 0.1 maximum
Aromstics, Wt. % 55.0 minimum

.3 Crumb Rubber Modifier (CRM) ;

.1 General: The crumb rubber modifier (CRM) shail be produced primarily from processing automobile
snd/or truck tires by amblent grinding methods. The CRM shal be substantially free from contaminants
inciuding fabric, metal, minersl, and other non-fubber substances. The CRM shall be sufficiently dry to
be free flowing and not produce a fosming problem when added to hot asphalt cement. Up to 4% by
weight of taic or other sppropriste biocking agent can be added to reduce sggiomerstion of the rubber
particies.

February 17, 1994
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.2 Physical Requirements

.1 Gradation and Particle Length: When tested in accordance with ASTM C 136 using a minimum 5
gram sample, the resulting CRM gradation shall meet the following gradation limits for the CRA
spacified. CRM from more than one source may be used provided the combined rubber gradatior

maeets the specified limits.
TABLE 2. CRUMB RUBBER MODIFIER (CRM) GRADATION LIMITS
Percent Passing
Sieve Size Typel Typell

No. 8 100 —
No. 10 Q95 .- 100 100
No. 16 : 40 -60 70- 100
No. 30 0-20 25-60
No. 50 0-10 0-20
INo. 200 —_ 0-5

ax, Particle Length 3ne- J16”

.2 Fiber Content: The CRM shall be designated Grade A or Grade B. For Grade A CRM, the fibe:
content shall be less than 0.1% by weight. For Grade B CRM, the fiber content shall be less thar
0.5% by weight. Fiber content shali be determined by weighing fiber agglomerations which are
formed during the gradation test procedure. Rubber panides shall be removed from the fibe:
agglomerations before weighing.©

.3 Moisture Content: For each CRM type and grade, lhe moisture content shall be less than 0.75% by
weight.

4 mneral Contaminants: For each CRM type and grade, the mineral contaminant amount shall no!
be greater than 0.25% by weight as determined after water separating @ 50 gram (minimum) rubbe:
sample in 8 1 iter glass beaker filied with vater.

5 Metal Contaminants; The CRM shall contain no visible metal Mdos 8s indicatsd by thorougt
stirring of 8 50 grsm (minimum) ssmple with a magnat.

.3 Packaging: The CRM shall be supplied in either: reusable bulk containers holding a minimum of S0¢
pounds of CRM; or in maisture resistant disposable bags wilh either 50 1 2 pounds or 60 ¢ 2 pounds O
CRM,

The weight of the CRM in the bulk containers shall be within 1.0 percent of the certified weight. The
containers shall not be stacked on top of each other during storage or shipment.

The smak bags (50 to 60 1bs.) shall be palietized into units, each contsining 50 bags, to provide net palle:
weights of elther 2,500 £ 100 Ibs. or 3,000 £ 100 ibs. Glue shatl be placed between layers of bags tc
increase the unit stability during shipment. Palietized units shall be double wrapped with U, V, resistan:
stretch wrap.

4 Labeling: Each container of CRM shati be (abeled with the manufacturer's designation for the CRM, the
specific type and grade of CRM in acoordance with this specification (example - Type 1, Grade A), the
nomingl CRM weight, and manufacturar it number designation. Palletized units shall contain 8 labe
which indicates the marafacturer designstion, CRM type and grade, net paliet weight, and production fo!
number, The bulk containers (500+ ibs.) shail have the certified weight of CRM clearty marked on g
least one side.

February 17, 199-
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.5 Certificstion: The manutacturer shall ship along with the CRM, certificates of compliance which certity
that each production lot number or shipment complies with all requirements of this specification.

3.3 ASPHALT-RUBBER BINDER DESIGN: The binder design shall be perfonmed by the asphalt-rubber supplier.
The proportion of CRM shall be between IS and 23 percent by total weight of the asphalt-rubber binder mixture.

The asphalt-rubber supplier shalil supply to the Engineer for approval a binder fonmulation at least 10 days before
pavement construction is scheduled to begin, Tha binder formuilation shall consist of the following information:

Asphalt Cement
Source and Grade of Asphalt Cement
Source and Grade of Additives Used
Percentage of Asphatt Cement and Additives by Total Weight of the Asphalt-Rubber Binder

Crumb Rubber Modifier (CRM)
Source and Grade of CRM
Percentage of CRM by Total Weight of the Asphalt-Rubber Binder

If CRM from more than onc source is wlilized, the above information will be required for each CRM used.
Specific Gravity of Aspai-Rubber binder at 60 °F.
Physical properties of the blend in accordance with Table 1.

3.4 ASPHALT-RUBBER MIXING AND PRODUCTION EQUIPMENT: All equipment used in production end
propottioning of the asphait-rubber binder shall be described as follows:

.1 Asphatt Heating Tank: An asphalt heating tank with a hot oil heal transfer system or retort heating system
capable of heating asphatt cement to the necessary temperature for blending with the CRM. This unit shall
be capable of heating a minimurm of 2,500 gallons of asphalt cement.

.2 Blender. The asphaft-rubber mechanical blender shall have a two stage continuous mixing process capabie
of producing @ homogeneous mixture of asphait cement and CRM, at the mix design specified ratios, as
determined by the Engineer. This unit shali be squipped with a CRM feed system capabie of supplying the
asphalt cement feed system, as not to interrupt the continuity of the blending process. The maximum
capacity of the primary blending vesse! shall be 500 gations. Both the primary and secondary bienders shall
be equipped with an agitation device oriented rndzmallyhthoblendmgvassel The biending unit shall be
capable of fully blending thé individual CRM particles with thie asphalt cement. A separate asphalt cement
feed pump and finished product pump are required. This unit shall have both an asphat cemeant totalizing
meter in gallons and g flow rate meter in gallons per minute.

.3 Storage/Reaction Tank: An asphalt-rubber storage/reaction tank equipped with a heating system to
maintsin 3 temperature of 300°F to 375°F for reacting, pumping and adding the binder to the aggregste.
The storage/reaction tank shall be separate from the primary and secondary blender of the blending untt.
The maximum capacity of the storagefreaction tank shall be 8,000 gallons. This unit shall have an intemal
mixing unit capsbie of maintainiig 8 uniform mixture of asphalt cement and CRM. The intemal mixing
device shall be oriented horizont sty in the tank.

4 Supply System: An lSDthM"—Cf supply system equipped with a pump snd 8 dlrect interiock metering
;:lwlcoupabled.ddmmbkn«byvoiumemmemrogmaatmemmuhdhympbﬂx
ormula.

5 Temperature Gauge: Mmmmerdnmtenmeh(wmmuwhgsmmwh
the asphak-rubber feed line st a suitable location near the mixing unit.

February 17, 1994
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3.5 ASPHALT-RUBBER MIXING AND REACTION PROCEDURE

.1 Asphait Cement Temperature: The temperature of the asphalt cement shall be between 375°F and 450°F
at the addition of the CRM.

Blending and Reacting: The asphatt and CRM shall be combined and mixed together in @ blender unit,
pumped into the agitated storage/resction tank, and then reacted for minimum of 30 minutes from the time
alf the CRM is added to the asphalt cement. The quantity of CRM added shall be determined by weight for
each batch. Temperature of the asphat-rubber mixture shall be maintained at not less than 325°F during
the reaction period. The asphaft-rubber may be allowed to cool to between 300°F and 350°F after it has
reacted for the specified period.

Transfer: After the material has reacted for at least 30 minutes, the asphalt-rubber shall be metered into the
mixing chamber of the asphalt concrete production plant at the percentage required by the job-mix formula.

Delays: When 3 delay occurs in binder use after its fuli reaction, the asphatt-rubber shall be stiowed to
ocool. The asphalt-rubber shall be rehested siowly just prior to use to 8 temperature between 300°F and
375°F, snd shait aisc be thoroughly mixed before pumping and metering into the hot plant for combination
with the sggregate. The viscosity of the asphalt-rubber shall be checked by the asphalt-rubber supplier. If
the viscosily is out of the range specified in Table 1 of this spacification, the asphalt-rubber blend shali be
adjusted by the addition of asphatt cement and/or CRM as required to provide the appropriate viscosity.

4. ASPHALT-RUBBER CONCRETE

4.1 MINERAL AGGREGATE

.1 General: The agg egate for the asphalt-rubber concrete mixture shall be composed of hard durable
particles of crushed stone, crushed gravel, crushed slag, or expanded clay kightweight aggregate. The
9ggregate shall be free from clay balls or lumps, organic or decomposed malerials, soft particles, adhered
dust and deieterious coatings. Natural sand or manufactured sand may be used as the fine aggregate
portion. Mineral filler, i used, shall meet the requirements of ASTM D 242 or AASHTO M 17.

.2 Physicat Requirements®

-1 Gradstion: The gradation of the sggregate shall meet the following imits when tested in accordance
with ASTM C 136 or AASHTO T 11 and T 27,

Sieve Size Percent Passing *
o
4"
vz
v
#4
™)
#30
#200

2 Fractured Faces: The aggregate retainad on the No. 8 screen shall consist of at least_____¢ perticies
which have at teast one fractured or crushed fuce.

February 17, 1994
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* Asphati-Rubbar Concrete Pavements
.3 Abrasion Loss: Tha aggregate shall have an sbrasion lass which does not exceed * when tested

at 100 revolutions nor exceed
or AASHTO T 96.

.4 Sand Equivalent Valus: The sand equivaient value of the aggregate shall be a minimum o
whaen tested in accordance with ASTM D 2419 or AASHTO T 176.

4.2 ANTI-STRIPPING AGENT: If required by the Job-Mix Formula to produce appropriate water resistance,
hydrated time, Type |l portiand cement, or an anti-stripping agent that is heat stable and approved for use by the
speciying agency shall be incorporated at the percentage required by the job mix formula.

£ when tested at 500 revolutions in accordance with ASTM C 131

f,

4,3 BLOTTER REQUIREMENTS: Biotter material, f required, shall be composed of fine aggregate or dry washed
sand meeting the following gradation requirements when tested in accordance with ASTM C 136 or

AASHTO T t1and T 27.

Sieve Size Percent Passing
e 100
No. 4 75-100
No. 16 45- 80
No. 50 10- 30
No. 100 0-10

5. JOB-MIX FORMULA

5.1 MIXTURE DESIGN: The mixture design shall be perf by the ¥, andg shall be used as the basis
for detarmining the job-mix formula. The design methad used shall be in accordance with S. The
mixture design shall be submitted to the Engineer at least I0 days pror to construction. Based on information
contained in the mixture design, the Engineer shall approve 8 job-mix formula with the following tolerances
allowed for single tests on aggregate gradation and asphatt-rubber binder content.

JOB MIX TOLERANCE
LT
Sieve Size Percent Tolsrance
V8" and larger x7
No. 4, No. 8, No. 30 15
No. 200 +2
Asphak-Rubber Binder Content 205

The mixture design shall include sufficient test resutis and documentation to assure that all requirements for the
aggregate (Section 4) and the gsphait-rubber Nndor_ (Section 3) are futfilled.

February 17, 1994
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5.2 JOB-MIX FORMULA: The mixture design shall recommend the job-mix forrmula and shall list the followir
information;
1. Aggregate

- source and identification (for each materisl used)
- gradation (for each material used)

- blend percentage

- mixture gradation

2. Asphstt-Rubber Binder
- source, grade and percent of asphalt cement
- source, grade and percent of CRM
- type, source and percent of additive(s), if required

3. Anti-Strip Agent
- Source of Anti-Strip
- Percentage of Anti-Strip
By Weight of the Asphalt Cement for liquid antistrip
By Weight of Aggregate for ime or portiand cement

4. Recommended asphalt-rubber binder content both by weaight of total mix snd by weight ¢! dr
aggregate. .

5. Recommended mixture production temperature.
6. Recommended |3y down temperature.
7. Density guideiines.

6. CONSTRUCTION EQUIPMENT

6.1 ASPHALT-RUBBER/AGGREGATE MIXING ECG\.PMENT: The sddition and mixing of the asphalt-rubber witt
the aggregate shalt be accomplished with one of the following types of hot-mix gsphatt plants.

Bstch Mixing - Batch mix plant consisting of cold aggregste storage and feed, drier, gradation contro! unit
hot aggregste storage bins, aggregat: weigh-hopper, and a twin-shaft pugmill mixing unit. Also, the plan:
may be equipped with hot-mix surge or storage bins for short-term hoiding of the mixture until spreadinc.

Drier-Drum Mixing - D-ier-drum mix plant consisting of cold sggregate storage and feed, automatic weighing
system, drier-grum mixer and hot-mix surge or storage bins for short term hoiding of the mixture unti

The asphalt-rubber/aggregate mixing equipment shall be capabie of producing 8 psving mixture meeting 2!l of
the requirements contsined in this specification, Specificslly the piant shell provide proper aggregste gradation,
asphait-rubber binder content and mixing temparsturs.

6.2 MIXTURE SPREADING EQUIPMENT: Paving shal be accomplished with seék-propelied, mechanical
spreading and finishing equipment, pneumatic tire or tracked type, having a tamping bar or vibratory screed of
strike-off assambly capsbie of distributing the material fo not fess than the full width of a traffic lane and to the
depth nesded 1o achieve the minimum compacted thickness or finished grede ss required. The screed of
strike-off assembly shall be equipped with a8 heating unit thst maintsins the temperaturs needed to prevent
tesring of the paving mixture during spreading. Psvers that leave ridges, indentations or other marks in the
surface that cannot be eliminsted by rolling or prevented by adjustment in operstion of the equipment sha!l not
be used.
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6.3 HAULING EQUIPMENT: Trucks for hauling the paving mixture shall be end, belly or bottom gate dump or
maving bottom (horizontal discharge) type, and compatible with the spreading equipment. 1f an end dump unit is
used, the bad shall nat push down on the paver receiving hopper when fully raised or have too short a bed which
results in mixture splitage in front of the paver.

The trucks shall be equipped, when ordered by the Engineer, with a canvas or similar covering 50 8s to prevent
excassive heat loss during cooler weather or as a result of long hauling distances.

6.4 COMPACTION EQUIPMENT: Rollers shall be self-propelied, 2-axie (tandem) steel-wheel type and shall have
a minimum weight of 8 ons. All rollers shall be equipped with pads and a watering system to pravent sticking of
the paving mixture to the steel wheels (drums). Vibratory rollers shall be used for breakdown passes on
Qap-graded mixes except when this causes excessive aggregate fracturing and the Enginaer directs otherwise.
The contractor shatl fumish a minimum of two of the roliers as described above. Pneumatic-tired roliers shall not
be used, due 1o the increased adhesiveness of the asphatt-rubber binder.

6.5 BLOTTER SPREADING EQUIPMENT: Biotter shall be spread using hopper or whirl type tailgaie spreaders.

7. CONSTRUCTION PROCEDURES

7.1 GENERAL: Potholes and other sress of pavement failure and msjor depressions ln the existing pavement
surface shall be repaired by patching with asphalt concrete.

Cracks grester in widih than 1/4 inch shall be repaired with an appropriate filler or sealant.
Immediately prior to application of a tack coat, the surface shall be thoroughly cleaned by sweaping.

7.2 TACK COAT: The type, grade or designation, and the rate of application for the spacific usage will be specified
by the Engineer.

7.3 ASPHALT-RUBBER PRODUCTION RECORDS: The asphalt-rubber supplier shall maintain records indicating
for each batch of asphatt-rubber binder produced the quantity of ssphalt cement in gallons and pounds, the
temperature of the asphalt cement, the amour . of anti-strip or other additives, ¥ used, in galions and/or pounds.
and the quantity of CRM In pounds. This information shati be provided to the Engineer on a daily basis.

7.4 ASPHALT-RUBBER/AGGREGATE MIXTURE PREPARATION: The asphat-rubber binder shali be ot a
temperatura of 300°F to 375°F when pumped and metered into the mixing plant.

The sgoregste shall be dred and heated to provide a paving mixture immaedistely after mixing with & temperatue
not exceading 325°F and a moisture content not exceeding 1.0 percant by weight of mixture.

The mixing operstion shall be sufficient t0 schieve' a satisfactory mixture with 100% ocosted particles as
determined by AASHTO T 195 or ASTM D 2489,

if the mixture s cischarged from the mixer into & hot-mix surge of storage bin, the bin shall be opersted 3o that
segregation of the mixture will be minimized.

7.5 HAULING OF ASPHALT-RUBBER/AGGREGATE MIXTURE: Truck beds shall be clesn of materials such as
dit, mud snd sggregetes. Just prior to loading of tha mixture, the truck bed shall be sprayed with a light
appication of a sospy solution or a slicone emuision to reduce sticking of the mixture to the truck bed. Oiling of
truck beds with kerasene or diesel fuel will not bs permitted due 1o advenie effects on the binder,

7.6 SPREADING OF ASPHALT-RUBBER/AGGREGATE MIXTURE: The mixture shell be pleced and finishad by
maans of paving equipment as required by Section 6.2 except under certain conditions or at certaln locations
Mmmmmmdt«-«wmﬂw The temperature of the mixture
immedistely behind the paver shall be » minimumof ___
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The paving equipment shafl place the mixiure wilhout segregatian or tearing within the specified tolerances

true 1o the line, grade and crown indicated on the plans. in order to achiave a continuous spreading operat
the spned of the paver shalt be coordinated with the production of the mixing plant.

The width of sach pass of the paver shali be imited to the rmaximum width of the heated screed or strike
atsembly and side augers. The screed may be sxtendad, st the discretion of the Enginewr, beyond the en
the auger for short distances whers kregularities in the pavemant width occur.

The mixture shakt not be Naced on any wet surface or when weather conditions will otherwise prevent pro
handling or finishing. The recommended Mminimum stmospheric temperature for placement of thin ( t-inch thi
overlays is 50°F and rsing.

7.7 COMPACTION OF ASPHALT-RUBBER/AGGREGATE MIXTURE: The mixture shall ba rolled by means

the compaction equipment as required in Section 6.4. A minimum of two rollers shall be used for mixt
compaction uniess otherwise directed by the Enginaer.

Inktia! or breakdown compadtion shall commence immadiately after mixiure spresading and shalt continue until t
minimum required density ' is oblsined, unless otherwise directed by the Enginesr. Al rolling shal
asccomplished without excessive sggregate fraciuring or mixture shoving.

7.8 APPLICATION OF BLOTTER MATERIALS: The application of blotter materist (usually 1 to 2 pounds
$Quare yard) mesting the requirements of Section 4.3 may be required on a warm mat before opening to trafl
The use, rate and locations for biotter material shall be designated by the Enginear. Any blotter material shatt !

uniformly applied using equipmant speciliag in Section 6.5. The contractor shall be responsible for removit
excass blotter material within 24 hours after application,

7.9 TRAFFIC CONTROL: Traffic shalt be directed through the project with such signs, bamicades, device
flagmen, and pilot vehicies as may be necessary to piovide the maximum safety for the public and the workme
with minimum interruption of the work and to protect the mat from damage until sutficiently cooled or coverc
with bictter to carry traffic.

. METHOD OF MEASUREMENT AND BASIS OF PAYMENT

8.1 ASPHALT-RUBBER BINDER: The asphati-rubber binder shall be measured and paid for per ton of binder :

the mixture under AsphaR-Rubber Binder which includes ssphatt cement, crumb rubber modifier (CRM), and ar.

8.2 ANTI-STRIP: Anti-strip material will be measured and paid for: per galion for liquid anti-strip; or per ton fc
hydrated ime or portiand cement.

8.3 ASPHALT-RUBBER CONCRETE: The asphait-rubberfsggregate mixture shall be messured snd peid for pe
ton in-place under Asphall-Rubber Concrale which inciudes the mineral aggregate as specified, asphait-rubbe
concrets mixture preparation, haulng, spreading and compaction as specifiec.

8.4 SLOTTER MATERIAL: The biotier materisl will be measured and paid for per ton in-place under Blotte
Materisl, a3 apecified. - .

8.5 TACK COAT: The tack cost will be messured nd pad for per ton in-piace under Asphak for Tack Coat, &
specified.

8.6 PATCHING: Any pavement patching a3 specified will be measured and paid for per squere ysrd unde
Pavement Repair (patching).

8.7 CRACK SEALING: Any crack sesling as spacified wil be mrasured and paid for per knesr foot unde
Pavemant Repasir (crack sealing).
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8.8 TRAFFIC CONTROL: The traffic control witl be a lump sum Rem and paid for under Tratfic Contiot, ¢
specified.

NOTES TO ENGINEER

. Spacity that skher an open-graded or gap-graded asphalt-rubber contrete psvement is to be constructed. The ape
and gap-graded mixes can (and shouid) be produced at higher binder contents than conventional dense-grade:
mixag, which increases their durabiiity and flexibilty {resistance t0 cracking). The increased stiffness cf th:
ssphat-rubber binder at high lemperatures and the improved stone-to-stone contact of these mixes provide:
increased rasistance to nutting.

. The asphatt-rubber binder is typically designed for three noming! climate ranges, hot, moderate, and cold, 88 show!
in Table 1. The first blank in Section 3 should specify the type of asphalt-rubber to be used (Hot, Moderate, or Cold)

. It is nat necessary o specily the grade of asphait cement to be used in preparing the asphait-rubber binder. The
asphait-rubber supplier should be aliowed selact the grade of asphalt cement that when blended with the CRM wili
meset the properties specified in Table 1.

. For open of gap-graded mixes, either Grade A or Grade B is acceptable.

E. Proper selection of minersl aggregate is very imporiant for production of asphalt-rubber concrete paving mixtures. in
addition to the general descriptive requirements contained in Section 4, other parameters are also used in this
specification for identifying aggregates which are appropriste for specific mixtures and traffic conditions. Limits for
thase parameters follow in Table 3.

TABLE 3
SUGGESTED GRADATION SPECIFICATION
[

OPEN AND GAP-GRADED AgEHALT-RUBBER CONCRETE
Open-Graded Gap-Graded
vg” Ry ko w2 38"
100 100 100 100 . 100
100 100 100 100 90 - 100
100.. 85-100 100 65 - 85
85-100 7595 76-92 $0.70
25-55 2045 28-42 22-42
§-15 515 15-25 15-25
0-10 0-10 515 5-15
o5 0-5 37 3-7

The kmits contained in Table 3 are intended t0 be a guide for selection of appropriste aggregates. These limits may
be modified for use in areas where aggregates mesting these requirements cennot be produced at a reasonable
cost.  The use of a standard gradation from s state highwsy department, city or county that genersity folows these
guidelines may be accentable.
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Rubber e Pavements —pm
Aggregete quality it very important to performance of sny hot mix, «Ghuding those produced with ssphalt-rubb
binders. The increased stone-to-stone contact of the open and gap-jraded mires requires the use of hatd crushe
stone or gravel. The following presents recommenced physical requirements for aggregates to be used
- asphalit-rubber concrate mixes.

Teble 4
Recommaendad Physical Requirements for Aggragates
IF ractured Faces (Retained #8) 2-fractured faces 85% minimum
1-fractured face 90% minimum
IAbrasion Loss (AASHTO T 96) 100 revolstions 8% maximum
500 revolutions 35% maximum
Sand Equivaient (AASHTO T 176) 55 minimum
IClay Lumps & Frisble Particie in Aggregate 1.0% maximum
KASTM C 142)

If an sgency normally uses other tests not Shown here which eliminate poor quality sggregates, any such tests am
sppropriate kmits should siso be included in the spacification.

F. Select who wil perform the mix design. If no experienced independent laboratory or other source is available, wy
recommend that the asphal-rubber supplier either perform the mix design or at least be consulted regarding
appropriate procedures and evatuation criteria.

G. Gap-graded ssphatt-rubber mixes can be designed using modified Marshall or Hveem procedures, but evalustior
criteria differ signilicantly from those for standard asphatt concrete mixes. in general, asphali-rubber hot mixes
shouki ba designed at greater binder contents than standard asphalt concrete mixes.

Recommended Marshall and Hveem mixture properties for the respactive mix types are as follows:

Mixture Property Gap-Graded Open-Graded
Marshall Stability Report N/A
Hveem Stsbilometer Report N/A
Marshall Flow Repont N/A
Effective Voids 3t06% See Note'
VMA . Minimum 18% Minimum 22%
Retained Tensile Strength (ASTM D 4867, with freeze Minimum 60% N/A
cycle recommended) .
Asphait-Rubber Binder Content, by Wt. of Total Mix NA See Note ?
* Effaclive voids of laboratory compacted open-graded mixes shouid be determined using paraffin

costed specimens (ASTM D 1128).

2 Binder contents for Open-Graded mixes ave generally between 8.5 and 11.0 percant

H. Recommended mixture spraad temperature are:

Opengraded - minkmum 250°F
Gapgraded - minimum 270°F

1. For gap-graded mixes the recommended compaction is at least 95% of the laboratory density ottained from field
samples of the mix, or & minimum of 92% of theoreticsl maximum density obtained from (ield samples. For
Wummuwmwwuwmmmnamuﬂmmmrot
coverages ¢! rolers and/or estsbishing a rolling patiern using a test section. Requirements for sampling and testing
of density should ba incorporated inta this section.
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